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Abstract No sooner than later, the world will be living hell as a result of the 
transportation effects on our climate now escalating. The pressure is now growing 
towards their resultant effects to be totally eradicated in order to save our planet 
otherwise, the stabilisation of these effects; global warming, greenhouse gas 
(GHG) emission and degradation will need to be sought after. The world all over 
is at it now in an effort to restore our climate, to save it from the effects of these 
catastrophes/disasters. 
On the proposition of the Kyoto Protocol in1997, the main focus was to decrease 
greenhouse emissions of mainly six gases – Carbon dioxide, methane, nitrous 
oxide, sulphur hexafluoride, Hydro fluorocarbons (HFCs) and  Per fluorinated 
Compounds (PFCs). And transport alone, accounts for over 26% of global CO2 
and has been regarded as one of the few industrial sectors wherein emissions are 
still on the increase, on this basis, researchers and policy makers are all at it to 
tackle the menace of climate changes through provision of sustainable transport.  
This paper focuses on the new and developed technologies like the renewable 
energy source [RES], which will be an alternative to transport fuels to avoid the 
dependence on petroleum which after effects are damaging to the world climate, 
and may probably not be there forever to continue serving the world ever 
increasing population. While the long term solutions are being sought, these 
alternatives will make do for now. 
 
 
Keywords:  Kyoto Protocol, global warming, sustainable transport, greenhouse 
gases, climate change. 
 
 
 
 
  
 
 
                                                                                                                                                    
Leonard Ekpeni and Abdul-Ghani Olabi 
 
1 Introduction 
Energy demand has been on the increase over the last decade due to the increasing 
demand of the world population particularly in the transport sector of the 
economy. As this demand increases, it has tends also to increase the impact of the 
damaging effect on our climate. To this effect, fossil fuels utilization has 
threatened the world economy in the areas of global climate change, world energy 
conflicts and energy source shortages [1].  The damaging effects of the fossil fuels 
to the world’s climate through greenhouse gases (GHG), and has also now led to 
the researchers in finding an alternative solution to the limited supply of fossil 
fuels currently not meeting the much needed demand [2] and this is predicted to 
near exhaustion within the next 50 years [3]. Since transportation is needed by this 
oil, its reliance for the movement of goods and services is inevitable as production 
and manufacturing activities revolve around it [4]. This therefore means that the 
ever increasing of fossil fuels consumption will result in the petroleum production 
peak be imminent [5].  As transportation in the recent years has become an issue 
of great concerns due to the damaging effect from fossil fuel use, the management 
of the health effects of climate change will require inputs from all sectors of 
government and civil society as well as the collaboration between many academic 
disciplines and new ways of international cooperation that have until now eluded 
us. A new advocacy is needed as soon as possible if not already in place, so as to 
bring together governments, international agencies, non-governmental 
organisations (NGOs), communities, and academics from all disciplines in 
adapting to the resultant effects on transport through the new advocacy [6].  
To this effect, the development of alternative energy sources has become of 
paramount importance to the world as a result, and has led researchers in finding 
alternatives for energy use. It is imperative that the climate be preserved by 
changes that are in place. Movement towards seeking more sustainable production 
methods, waste minimization, reduced air pollution, distributed energy generation, 
conservation of native forests, greenhouse gas emissions [7] and most importantly, 
to have control over these GHG emissions, led to an agreement being made with 
the overall pollution prevention targeted, hence the proposition Kyoto Protocol 
agreement [8].  
In this chapter, focus is directed towards ways on reducing of the emissions of Co2 
in the environment from the way we live and use transportation, as doing this will 
further help in saving the climate from global warming, depletion of the ozone 
layer and other vices that tends to interfere with the proper environmental living 
by humans and by so doing, our good health will be restored. 
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2 Background: World Energy Conflicts  
 
The discrepancy between energy and teaming population in the world has 
aggravated in the conflicts currently being experienced worldwide. The love for  
huge wealth particularly that generated from fossil fuels is on the other hand 
pushing the world leaders of these oil nations to continuously stick on to power 
when especially democracy is not being exercised in this country.  
For over 50 years now, the technological development in all sectors has improved 
and has changed the entire performance as well as the needs of the world 
including that of transportation. And these changes has been both positive and 
negative; for example, on the positive side, it has resulted in more stable and 
abundant food supply while on the negative side, it has continuously added to our 
environmental degradation, more dependence on fossil fuel as well as lowering 
our energy efficiency which in other words added to the climate effects we are 
experiencing now [9]. As this fossil fuel has become the main source of the 
world’s energy, it has also being seen as a means of increasing the world’s conflict 
[10]. Through our current energy need, and luxury goods and services especially 
those needing the use of energy generated from fossil fuel has increased well long 
ago and as such, has also added to the damaging effect of climate. Conflict over 
the control of valuable oil supplies has been persistent feature of international 
affairs since the beginning of the 20th century and as oil become more scare and 
valuable; this has also increase the severity of its conflicts which has varies from 
one nation to another [11]. Since this product is extremely lucrative in terms of 
export particularly to the producing countries, they rely mainly on it as a major 
source of foreign revenue to them, Nigeria, Saudi Arabia and Iran for example, it 
accounts for 90-95, 90-95 and 80 per cent respectively as foreign revenue to them. 
Also, because whoever that controls the government of oil-producing states 
controls the allocation of oil revenues, these governments tends to stay in power in 
any way possible so as to still remain as benefactors to this product using means 
such as army rebellion, terrorism or coup d’etat [11].overcoming this dependence 
on fossil fuel, means that there should be alternatives means as a basis for solving 
the current climate menace otherwise, the competition for oil will remain a source 
of conflict so long as the demand for this fossil fuel rises faster than supply [11.] 
hence in consideration, renewable energy sources are now being looked at so as to 
preserve the climate and protect the environment. The negative effects of fossil 
fuel and other non-renewable energy sources has continue to be surfacing and in 
the transportation industry, our current need for it has also shown a rise in the 
menaces that are resultant from such usage, like the greenhouse gases, Co2 
emission, global warming, depletion of the ozone layers as well as other variance 
that are detrimental to human health and environment. Though human activities 
are assumed to be responsible for almost all of the increase in greenhouse gases in 
the atmosphere since the last 150 years wherein the largest source of GHG 
emissions from human activities, for example; in the United States is from the 
burning of fossil fuels for electricity, heat and transportation [12.] but on a greater 
  
 
 
                                                                                                                                                    
Leonard Ekpeni and Abdul-Ghani Olabi 
 
scale, this can be reduced to the barest minimum through changing our ways of 
living and shifting from the non-renewable to renewable energy sources. 
 
 
 
 
2.1 Energy source shortages 
 
Amidst the current energy crisis, it is of great concern to show that the energy 
supply source will not last for too long. The ever growing population whose 
demand need to be met and the shortage in the supply source are some reasons for 
this current situation. The environmental movement has been questioned of being 
the cause of the nation’s energy crisis and that the balancing of environment and 
energy factors will be essential in determining policies to meet the demand of the 
crisis.  
And as predicted by Dr. M. King Hubbert of Shell Oil in 1956, that US oil 
production would peak in 1970; this was disregarded by most oil experts and in 
furtherance to this, [13] asserts it that in 2005, oil production stopped growing, 
and the price of crude oil shot upward from $45 per barrel to $140 per barrel, we 
hit “peak oil” otherwise known as the “Hubbert’s peak”, a geological limitation to 
the supply of oil in the ground and with no additional supplies, a bidding war 
resulted in 2005 over the remaining oil in the ground. The eminent consequence of 
this is the high prices of oil which on other hand increases the prices of food as 
modern agriculture is an energy-intensive business [13]. The oil shortage will not 
only cause energy crisis in nations across the globe as it is being experienced now, 
but will also see the oil reserves being depleted  and that again will make the price 
to rise sharply because of its nearing exhaustion and as such cannot meet the 
demand of the population.  
Apart from the effects on our climate and health resulting from its use, the way of 
life need to be adjusted to suit the current energy need through alternative energy 
use of renewable energy sources (RES). This alternative has been considered 
necessary as the implications from these shortages need to be addressed regardless 
of whether it lasts another 40, 60 or 80 years as it is certain now that the resource 
is dwindling and that competition over it will become more intense. As it is 
acclaimed now that any factors that threatens fossil fuel stability, will result in the 
price rising and will in alternative, threatens investments as well [14].   
In another development, in guiding against this shortage of energy source the best 
possible way is the minimization of the associated risk [15] and despite the best 
efforts to prevent a supply crisis; this cannot be totally prevented as one can still 
occur. In cases like this, energy security thinking dictates minimizing the impact 
of the crisis on national security and economic welfare. Also through strategic 
stockpiles, which are often owned and managed by the government, is one of the 
most effective ways to deal with a supply disruption crisis and/or price shock. 
Although this has not used yet as in the case of shortages but they are thought to 
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be considered as essential in the minimization of price impact during a crisis 
situation. 
 
 
 
2.2 Renewable Energy Source Scenario 
 
As the world’s climate is changing through the negative effects of greenhouse gas 
(GHG), global warming and bio degradation, so also efforts are required to have 
all these corrected through renewable energy sources [RES]. Not only now, in 
time to come this will play major role in the world’s climate revival as it has been 
tagged; the power for a sustainable future. 
This has been categorised into three parts; renewable resources, nuclear resources 
and fossil fuels [16]. Renewable energy studies is the most exciting aspect in that 
it is inherently positive as it offers the possibility of solutions to some of the 
society’s most difficult problems [16, 17]. 
 
 
 
3 Global Climate Change 
 
 
21st Century’s Climate change (CC) is now unequivocal [18] and has become a 
dominant issue that has arguably been thought of, and the earth’s climate has 
changed over the year due to the warming and cooling of the cloud as depicted on 
[19]. [20] termed it a primary concerns for humanity in the 21st century as it may 
affect health through different pathways, typical examples are as a result of 
vector-borne diseases, increased floods droughts and increased frequency and 
intensity of heat waves; to mention a few.  
Maintaining the atmospheric new equilibrium means that there will be changes to 
its compositions which will ultimately now require balance in the achievement of 
the global climate change. 
Since this has become a global problem, it therefore also requires a global 
response that embraces the interests and needs of all countries [21]. The world no 
longer sees it as an environmental problem alone, instead as an economic, trade 
and security issue which has increasingly dominate global and national policies as 
its impacts has become more severe. 
It has also be considered as the potentially most important environmental problem 
that concerns energy; either greenhouse effect or global warming [21, 22]. 
Global warming is referred to as the measured increase in the average temperature 
of the earth, caused by the built up of some greenhouse gases in the atmosphere 
which has accumulated over time from the land use changes and fossil fuels 
combustion continually [23]. Fig. 1 below depicts the greenhouse gases under the 
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Kyoto Protocol and their main generators as source. The first three have been 
estimated to account for 50%, 18% and 6% respectively of the global warming 
effect arising from human activities [18]. Just to note that greenhouse gases from 
the air transport has been exempted from the protocol. 
 
   Fig. 1 Greenhouse basketed under the Kyoto Protocol and their main generators as modified   
    from [18] 
 
   Fig. 2 Annual earth estimate and global mean energy balance; energy is transferred to the 
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atmosphere via warming the air in contact with surface through long wave radiation that are 
absorbed by clouds and GHG as modified from [12] 
 
 
   Fig. 3 Natural greenhouse effect with an idealized model as modified from [12]. 
 
 
4 Transportation roles in the Society 
 
When the Kyoto protocol was proposed in 1997, transportation was considered as 
the key sector that needed to be tackled. This was to have GHG emissions down, 
the figure shows that percentage level of the 1990 level to 2008 level has been up 
by 47.5% for CO2 worldwide [21]. The reason behind this increment is as a result 
of oil being the dominant fuel source for transport movement and accounts for 
over 84% of the total energy use by the transport sector. For example in the UK 
alone, the transport industry has also seen a dramatic change with figures climbing 
47% from 28.1 Million tonne (Mtoe) in 1970 to 59.7 Mtoe in 2006 [24]. The 
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population and the increase in Consumer Goods available have led to an increase 
in road haulage and personal transport needs. 
This over dependent on oil makes transport a major GHG contributor and still one 
of the industries where emissions are still on the rise [25]. 
The impact of transport on the global climate is not limited to vehicle emissions as 
the production and distributions of fuel from oil, a ‘wells to wheels’ approach, 
produces significant amounts of GHG in it [26]. 
Fig. 5 below, indicates the energy use by end user wherein transport accounts for 
more as compared to others in the sectors; from 28,174 in 1970 to 59,780 in 2006 
for UK data 
   Fig. 4 UK Energy sectoral consumption as modified from [25]. 
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     Fig. 5 Final Energy Use by End User as modified from ([25] 
 
 
 
 
   Fig. 6 Percentage of GHG emission in the US, 2006 (All gases in Teragram     [Tg] CO2)            
   as modified from [40] 
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Also in the US from Fig. 6; the transportation sector accounts directly for 28% of 
the total GHG emissions in 2006, hence making that sector the 2nd largest source 
of GHG emissions, while electricity generation taking the lead at 34%. Almost 
97% of transportation GHG emissions results as direct combustion of fossil fuels, 
as the remaining are due to CO2 from electricity (for rail) and Hydro 
Fluorocarbons (HFCs) emitted from vehicle air conditioners and refrigerated 
transport, as shown in Fig. 6 [40] 
The End-Use emissions of CO2 depicted in Fig. 7a and 7b indicates that the 
energy consumed in the transportation activities came from petroleum products; 
while more than 60% of the emissions resulted in gasoline consumption for 
personal vehicle use [40]. 
 
 
   Fig. 7a: End-Use Sector Emissions of CO2 from Fossil Fuel Combustion as modified from [40] 
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    Fig. 7b: CO2 Emissions from Fossil Fuel Combustion by sector and fuel type as modified from   
    [40] 
 
 
The remaining are thought to be from heavy-duty vehicles and jet fuel in aircraft. 
It is estimated that  transportation accounts for 28% emission of the GHG in the 
US and 26% worldwide. 
Transportation sectors generally are experiencing expansion and there is also a 
general trend that considers the modes that are experiencing the most growth are 
the most polluting. Air transports shows the highest among all transport modes 
(Motor Car, Aviation, Road Freight, Rail, Ship, walking and cycling) [27]. Motor 
cars and aviation are favoured mode of transportation. This has resulted in the 
actual energy consumption and CO2 emissions from aviation significantly more 
damaging than the significantly more damaging than the others despite the fact 
that they are appearing lower when this is compared to that of motor cars but on 
the other hand, aviation is the biggest contributor to climate change. It is 
environmentally damaging than by the CO2 emission figures that are presumed, 
this is because other GHG are being released straight into the upper atmosphere, 
where the localised effects can be more damaging than the effects of just CO2 only 
[28]. 
 
4.1 Transport Mitigations 
The world’s value for material wealth, has led to the present infrastructure not 
being able to curtail with the large increases in the number of vehicles and as such, 
congestion is now becoming an ever increasing problem in so many towns and 
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cities of the world. This has not only contributed to the air pollution and CO2 
emissions but also with a great significant economic consequences [21]. To tackle 
this menace of reducing the damaging effect of CO2 emission from our road, there 
must be shift of car ownership to the use of public transports as this will reduce 
the numbers of vehicles on the road. For the effectiveness of this measure, there 
will need to be policies put in place like offsetting the affordability of car 
possession via indirect taxes implementations or having to increase parking 
charges at some destinations or fuel taxes levies [29].  
Aviation on its own poses a greater problem when compared to other 
transportation means in that it emits into the gases like CO2 and nitrous oxide 
directly troposphere and stratosphere. Although the emission impact will vary as it 
is dependent on where the aircraft is flying but the NOx emission in the 
troposphere upper layer result in more ozone for radiative forcing than the same 
quantity released at the surface because some gases have an increased effect at 
altitude [30] 
For the road freight, its growth has become an environmental and economic 
burden in terms of GHG emissions. About 45% of transportation energy is used in 
freight be cut down by half through technological advancement of the developed 
and well improved fuel efficiency [31] 
Cycling and walking is the overall best to the environment in terms of saving our 
climate; this is zero carbon emission and envvironmentally friendly. This should 
be encouraged at all level not only for climate sake but also for the good health of 
every individuals and for this to be properly considered, every local authority, 
school and business even within family cycle, should consider ‘soft’ transport 
policy measures to encourage these [32] but for longer journey, other alternatives 
should be sought. 
 
 
5 New Generation/Developed Technologies 
 
5.1 Fuel Cell 
 
 Towards the technological advancement to save the climate, fuel cell has been 
developed. This uses hydrogen as its fuel for powering vehicle. And as a 
sustainable energy supply with little or no hydrocarbons use, it is preferred to 
fossil fuels because it is a clean and environmentally friendly fuel which produces 
water instead of GHG when combusted [1]. Though some methods of producing 
hydrogen generates GHG, but there are methods to capture and sequester the CO2 
that is generated [33]. 
 The most suitable source of hydrogen production is via water because it is clean, 
renewable and abundant [2]. Water dissociates into oxygen and hydrogen at high 
temperatures through this reaction below. 
H2O ↔ H2 + 1/2 O2 
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5.2 Biofuel 
 
This is otherwise known as the sustainable fuel with no effect of CO2 to the 
environment. It works by recycling the natural occuring products such as the 
conventional crops; bioethanol from sugarcane, biodiesel from vegetable oils; this 
usually deliver a 10-90% reduction on a well-to-wheels or crop-to-car basis when 
compared to conventional fuels like gasoline and diesel [33]. Apart from the 
reduction of CO2 emission into the atmosphere, the use of non-intensively farmed 
crops or waste, enhance the GHG emission savings thereby increasing the overall 
availability of potential and production cost improvement. 
 
 
5.3 Battery Powered Electric Vehicle /Hybrid 
 
This is the zero emissions of CO2 at source and provide the advantages of 
electric propulsion with requiring fuel cell. That is; the energy management 
system being used in the optimization of the fuel economy of both engines 
since electric and combustion engines work better under different driving 
conditions. 
 
 
5.4 Carbon Tax and Audit (Carbon Footprint) 
 
This is a means towards reducing CO2 of every individual contribution to the 
environment also known as the foot print and its audit is the first step towards this 
development of carbon strategy. And as most nation have implemented these; 
particularly in the EU, Japan, USA and Canada, it reduces CO2 emissions in two 
ways; by increasing the prices of fossil fuels, this in a way will encourage more 
efficient use of energy through stimulating the development of zero-emission 
technologies and on the other hand, by changing the relative prices, it will 
encourage a proper shift in consumption from coal and oil to cleaner-burning 
natural gases which are environmental friendly. As compared to motor fuel taxes 
(MFT), carbon tax has a number of advantages; 
 This is less regressive as compared to (MFT) 
 It promotes global and local environmental quality while revenue are 
being raised. 
 Shifting from the single-fuel energy taxes towards carbon tax implies that 
a required level of revenue can be raised at a lower tax rate [34] 
And trading of emissions across all sectors of the economy addresses this by 
allowing emitters to purchase carbon offsets from businesses that are able to lower 
their own emissions below their allocation. On this basis, it will be of considerable 
idea in designing a climate policy that would tap all possible avenues to limit net 
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CO2 emissions. For example, through offsetting emissions by storing carbon in 
soils, forests, and other forms of biomass in the United States, will have the 
potential in offsetting about 10 to 20% of U.S. emissions in the next 10 – 15 years 
from now at relatively low cost [35]. 
 
 
6 Conclusion 
 
The reduction of CO2 emissions will never cease to be of major concern for as 
long as fossil fuels are still the main form of energy usage across the globe. The 
way forward is the implementation of these new generation and developed 
technologies as explained above which will gradually take over fossil fuel and 
nuclear energy. It would be impossible to unite the entire world to tackle the issue 
of climate change/global warming because only a fraction of the entire world 
accepts the threat that it poses. In a gradual process, the shift of direction from 
fossil fuel and nuclear energy to alternative energy source [RES] will become 
acceptable by all and sundry. In the meantime, it will require people in authority to 
enforce any actions that are required for its implementation. As the world is in the 
midst and continuation of a period of drastic change four decades after the oil 
crises of the 1970s, everything from new information technologies to the rise of 
genetic engineering and the breakdown of traditional social structures are 
reshaping modern economies and lifestyles at an unprecedented pace [36] 
including the improvement of transportation and transportation systems over the 
period till date. Also in the implementation and further improvement of these 
ideas and plans, it should be borne in mind that certain changes in to be in proper 
place to improve the overall efficiencies and goals towards making this a huge 
success. 
Some or parts of these changes are; technological change, which includes 
incremental technologies so as to make vehicles more technically efficient than 
they are today and at the same time lessen their fuel consumption/distance 
travelled , these will to a greater extent significantly reduce transport CO2 
emissions over short to medium term though the term of transportation usage and 
improvement of transport need as to quality and CO2 emission has drastically 
reduced as compared to what it was 15-20 years ago. In essence, these 
technologies will further make transport systems and infrastructure more efficient, 
through reducing the need for vehicle travel to more efficient routing if the need 
be for it to be used as well as better in use fuel efficiency  and mode switching; 
and new lower carbon fuels and fuels lower in GHGs on a ‘well-to-wheels basis 
[37]. Development and improvement of hybrid Cars and designed of lower CO2 
emissions aircraft has also be part towards this global issues of energy efficient 
and sustainable development. As zero-emission vehicles continue to exist, this will 
be history of alternative petroleum vehicles, which will continue to meet the needs 
of the people and as a result, reduce the over dependence on fossil fuel usage. 
  
 
 
                                                                                                                                                    
Leonard Ekpeni and Abdul-Ghani Olabi 
 
These aircraft engines is expected to cut fuel consumption compared by 15%, 
lower emissions of NOx and reduce the noise footprint by 75% [38].  
Also to consider in terms of change is the behavioral change, this tends to 
contribute greatly to the reduction of CO2 emissions or saving energy through the 
framework of improving city living or its quality of life and as a result estimate 
the potential contribution of integrated pricing; this will be through pricing of road 
use decrees promulgated and enforced by the appropriate authorities; they will be 
charge with calculating the national road user charging scheme, and others to 
consider in the behavioral change will be soft factors and land use planning in 
reducing travel [39].  
However, the potentials for carbon rationing should never be dismissed; as this is 
a system wherein tradable CO2 emission permits would have several effects on the 
overall well-being and climatic change of the environment through free yearly 
allocated CO2 budget given to individuals, and through the optimization of their 
travel patterns within the budget will assist in improving the emission of CO2 and 
GHGs released. 
On the general view in this study, the overall success of the change in the 
transportation needs today so as to result in a better future for tomorrow, is the 
creation of awareness to all and sundry across the globe through proper 
communication channel and dissemination of information by way of education in 
different languages to the over 7 billion population across the globe while efforts 
are still being made and researches carried out to devise more meaningful ways in 
tackling this global menace.  
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Nomenclature 
Chemical formula 
CO2                Carbon Dioxide    
CH4                Methane                
PFCs        Perfluorocarbon  
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N2O       Nitrous oxide      
HFCs     Hydrofluorocarbons  
SF/6            Sulphur hexafluoride 
 
Acronyms 
 
GHGs     Greenhouse gases  
RES        Renewable energy Source  
MFT        Motor Fuel Taxes 
PFCs       Per fluorinated Compounds  
NGO        Non-Governmental Organizations  
Mtoe        Million tonne  
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